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: Patterns of Change in Main Street Networks 
Across Time and Space 

This paper presents a morphological study of 100 main street networks from 
urban areas around the world. An expansion in the scale of main street 
networks was revealed using a unique heuristic visual method for identifying 
and measuring the lengths of main street segments from each of the study areas. 
Case studies were selected and grouped according to corresponding urban 
design paradigms, ranging from antiquity to present day. This research shows 
that the average lengths of main street segments from networks of historic (i.e. 
ancient, medieval, renaissance, baroque, and industrial) and informal case 
studies are much smaller relative to those from networks of more contemporary 
case studies (i.e. Garden City, Radiant City, and New Urbanism). This study 
provides empirical evidence in support of prior, observational claims 
suggesting a consistent pattern in the smaller scale of main street networks 
from traditional urban areas, termed the ‘400-meter rule’. Additionally, it 
makes the case for further empirical research into similarly recursive spatial 
patterns within other elements of urban form (i.e., plots, blocks, etc.) that, if 
discovered, could aid in future urban design efforts to help provide the 
framework for more ‘human- scale’ urban environments. 
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Cities are defined by a collection of both physical (e.g. streets, buildings and 
parks) and nonphysical elements (e.g. history, culture, and politics). Some of 
the physical features change slowly throughout time, while others are subject to 
more rapid transformations. This dynamic between various rates of change is 
vitally important in understanding how urban form is able to adapt to 
fluctuating economic, environmental, and social circumstances throughout time 
(Caniggia & Maffei, 2001; Conzen, 1960; Moudon, 1989; Slater, 1990). 
As one of the more permanent features of urban form, main street networks are 
vitally important. Main street networks, represented as intersecting systems of 
main streets that form unique main street segments (edges) and points of 
intersection (nodes), have been shown to share similar properties to those of 
other spatially complex networks like power grids, mobile phone networks, and 
neural networks (Barthélemy, 2011). Main street networks are also known to 
exert significant influence on people and their ability to navigate space (Hillier, 
1996; Porta, Latora, & Strano, 2010). Main streets have been found to remain 
central in the spatial organization of urban areas throughout time across 
significant social, economic, and environmental changes (Strano, Nicosia, 
Latora, Porta, & Barthélemy, 2012). Similarly, many (Anderson, 1986; Jacobs, 
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1961; Mehta & Bosson, 2010; Moughtin, 2003) have stated that careful concern 
should be given to the design of urban main street networks as dynamic vessels 
for human movement that are intimately linked throughout time to both 
physical and intangible elements of places. 
According to Mehaffy et al. (2010), the pattern of intersecting main streets, 
prior to the advent of the automobile and the application of modern urban 
design paradigms, has followed a recurrent and consistent trend, termed the 
‘400-meter rule’. According to this rule, urban areas comprised of quieter, 
mostly residential uses, also termed ‘sanctuary areas’ after Appleyard (1981), 
are bordered by main streets that intersect at intervals that seldom exceed 400 
meters. Intersections occur at the junction of two or more streets, though not 
necessarily in the form of a rectilinear grid pattern. Main street networks 
connect local urban areas with their regional context and have constituted the 
commercial and service backbone of cities for many centuries, allowing non-
residential uses to take advantage of more central locations at the local and 
regional scale. The scale of this spatial pattern, or 400-meter rule, reflects the 
limitations of pedestrian movements and the self-organizing logic of social 
urban life prior to the advent of the automobile, highways systems, and the 
application of professional urban design paradigms in the early twentieth 
century. 
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Based on preliminary observations, Mehaffy et al. (2010) argue that significant 
alterations to the scale of contemporary main street networks, starting at the 
dawn of the twentieth century, have been accompanied by a loss of a consistent 
spatial pattern and an expansion in the lengths of main street segments. These 
changes to urban form are influenced by several, interrelated factors including 
an increase in post-World War II housing demand, the rise of the automobile 
industry and federal highway systems (in the U.S.A.), the growth of middle 
class consumers and changes in market preferences, and several other social 
and political factors, including the application of professional urban design 
paradigms. These paradigms include Ebenezer Howard’s Garden City 
(Howard, 1902), Clarence Perry’s Neighbourhood Unit (Perry, 1929), Le 
Corbusier’s Radiant City (Le Corbusier, 1933), and continue with 
contemporary place-making and New Urbanism (Calthorpe; Congress for the 
New Urbanism, 2013; Duany, Speck, & Lydon, 2009; Farr, 2008). 
In an effort to test the observational claims behind the 400-meter rule, this 
paper presents the morphological analysis of 100 diverse main street networks 
from different historic, geographical, social, and economic systems using a 
unique heuristic visual method. The data gathered in this study offers empirical 
evidence in support of the 400-meter rule and makes the case for further 
empirical research into the structure of urban form and patterns linked to main 
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street segments, that may reveal similar alterations in the urban fabric of cities 
corresponding to the physical application of urban design paradigms and other 
social factors. 

	!"#
Selection of Case Studies 
In order to test the 400-meter rule, measurements of main street segments of 
100 case studies from 30 countries (Fig.1) were analysed to identify spatial 
patterns in the street network and if any alterations to this pattern occurred 
counter to the 400-meter rule. While this study is intended to represent an 
international distribution of cases, it is important to note that there exists a 
higher concentration of case studies from North America and Western Europe. 
This is a result of both the time constraints of this study and the bulk of the 
reference materials coming from the United States, United Kingdom, and other 
western European countries, where urban design is widely taught and 
researched. 
Inset Fig. 1 here 
Case studies were selected according to corresponding urban design paradigms 
(Table 1). Case studies were studied in their current state as reported by Google 
Earth (Google Inc., 2012) in the summer of 2010, and selected based on the 
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following criteria: (1) each case study must be well researched and documented 
in published literature; and (2) each case study must still be universally 
recognized as being representative of one of the paradigms listed in Table 1 
according to available literature. Historic cases (30) represent main street 
networks that correspond to ancient (6), medieval (6), renaissance (3), baroque 
(4) and industrial (11) paradigms, while contemporary cases represent those 
selected from the Garden City (20), Radiant City (20), and New Urbanism (10) 
models. Informal settlements were also examined as an exploding phenomenon 
which cannot be aligned with any of the paradigms of urban design mentioned 
above. Informal settlements are urban areas often characterized as poor places 
lacking access to clean water, safe sanitation, secure land tenure, or durable 
housing. The form and development of informal settlements, like the historic 
cases, lack influence from contemporary, professional urban design theories.  
Insert Table 1 here 
Mapping 
Mapping of urban street networks was conducted using Google Earth web-
based, imagery software (Google Inc., 2012), historic maps as needed, and 
Adobe Creative Suite 5 graphic design applications. Google Earth has been 
recognized as a valuable urban design tool for spatial education (Patterson, 
2007) and urban analysis (Clarke, Ailshire, Melendez, Bader, & Morenoff, 
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2010; Farman, 2010; Sheppard & Cizek, 2009). For the purposes of this study, 
Google Earth was used to generate three maps of varying scales: 
(1)The Regional Map – a simple diagram (Fig. 2) used to map the 
settlement within its regional context. This map includes the location of 
the study area, neighbouring towns and capital cities, regional roads, 
and geographical boundaries between land masses and water bodies. 
Insert Fig. 2 here 
(2)The Main Urban Street Network Map – a more detailed map (Fig. 3) of 
the urban street network for the study area. This map shows all main 
streets and railway lines connecting the study area with the surrounding 
region, identifies nodes of intersection between main streets, and locates 
sanctuary areas within the urban street network. 
Insert Fig. 3 here 
(3)The Sanctuary Area(s) Map – a scaled, satellite map of the sanctuary 
areas taken from the urban street network map at an altitude of ≤800m 
in order to generate a high resolution sanctuary areas map (Fig. 4). This 
map displays all main streets and nodes of intersection forming and 
connecting sanctuary areas within the study area. Local streets, found 
only within singular sanctuary areas, are not highlighted in the map and 
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instead are left on the layer of the background satellite image. Overall, 
these maps are used to measure all main street segments along the 
perimeters of sanctuary areas in order to compare segment lengths 
between all of the case studies. 
Insert Fig. 4 here 
It is worth noting that the selection of sanctuary areas was done in a subjective 
manner in order to get good representations of the urban design paradigms to 
which the main street network of the case belonged.  
Visual Identification of Main Streets 
In order to identify the main streets and nodes within the sanctuary area for 
each case study, the following visual, heuristic approach was applied. 
(1) Using Google Earth, satellite images (with only the Borders and 
Labels & Roads layers) and historic maps (as needed) of the study area 
at the scale of the Regional and Urban Street Network maps, select as 
main streets those roads that can be easily identified as connecting the 
study area to other towns or cities. In Fig. 2 and Fig. 3, the main streets 
are those roads that serve as the main connections between the towns of 
Hertford, Hatfield, Sandridge, Oaklands, and Wheathampstead. 
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(2) When a main street splits into two or more directions, use visual 
clues such as number of lanes, width of roads, and street names (e.g. 
High Street, M8, county road, etc.) to establish a hierarchy of roads and 
determine the continuous path of the main street. 
(3) Additionally, roads that traverse or serve as a connection across 
significant barriers in the street network (i.e. railway lines, motorways, 
rivers, etc.) are selected as main streets. 
(4) Nodes mark the intersection of two or more main streets and serve 
as the endpoints to the main street segments. Thus, main streets 
segments are defined as sections of main streets that originate and end at 
nodes. 
(5) In the case of squares and roundabouts, main streets can also be 
identified as those streets that connect the endpoint nodes of other main 
street segments coming into the square or roundabout. 
The heuristic approach is purely visual and based on information that refers 
solely to geographical features and underlining considerations of connectivity 
of the street network. Other elements including traffic, land use, or 
demographics were not mapped or taken into consideration during this study.  
Method Validation 
Page 11 of 78 Urban Studies
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
  
The reliability of the visual identification method was tested by conducting an 
exercise with a group of fourth-year undergraduate architecture students. 
Students were selected based on their unfamiliarity with the methods used in 
this study. During the exercise, each student was given a computer with Google 
Earth, a marker, and a sanctuary areas map from a set of ten study areas 
randomly selected to cover each of the urban design paradigm groupings. For 
example, referencing Table 2, five students were given identical maps of the 
Palmanova study area, while six students were given identical maps of the 
Greendale study area and so forth. Given an hour, the students were then 
instructed to follow the visual method described above to identify all main 
streets on the corresponding sanctuary areas map using a bold marker to mark 
all nodes and main street segments. These results were then compared to the 
main street segments identified by the authors in order to determine the number 
of similarly identified main streets. These results are included in Table 2 below. 
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Insert Table 2 here 1 
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Overall, a total of 51 samples were collected from 25 students and 860 main 
street segments were identified. The percentage of similarly identified main 
streets across all of the case studies used in this experiment was 89%. When 
the samples included fewer main streets, the results from the student more 
closely matched those of the authors. 
Statistical Methods 
Descriptive statistics were calculated on the main street segment lengths for 
each of the 100 case studies using SigmaPlot 10 (Systat Software Inc., 
2006). These statistics were then compiled to identify the means, standard 
deviations, medians, minimum values, maximum values, and outliers for 
each period in the history of urban design and represented using a Tukey 
vertical box plot (Tukey, 1977) in order to make non-parametric 
comparisons in the results between each period in the history of urban 
design and determine the validity of the 400-meter rule (Fig. 5). 

 	 
Both the mean and median can be used as measures of the central tendency 
of the sample; however, while the mean values are primarily discussed 
below, it is important to represent the median values, as the mean values can 
be affected by outliers as seen in the Garden City, Radiant City, and New 
Urbanism cases. In these cases, the median can be used as a better measure 
of the midpoint of the sample. This graph (Fig. 5) also shows the 400-meter 
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mark to allow for easier comparisons to be made in relation to the 400-meter 
rule. 
Insert Fig. 5 here 
The average values for main streets from Ancient, Medieval, Renaissance, 
Baroque, Industrial, and Informal Settlement case studies are 315m ± 118m, 
299m ± 146m, 257m ± 127m, 347m ± 243m, 343m ± 185m, and 354m ± 
258m respectively. This suggests that most main streets from historic and 
informal settlement cases follow the 400-meter rule. However, the mean 
values for main streets from Garden City, Radiant City, and New Urbanism 
case studies vary greatly (1026m ± 638m, 843m ± 714m, and 788m ± 541m 
respectively) and are well beyond the limit set by the 400-meter rule. This 
suggests that a change has occurred with the advent of professional 
approaches to modern and postmodern urban design, the spread of the 
automobile and other social forces mentioned above causing the scale of 
urban street networks to be altered. 
 
Historic Cities 
Since their inception, cities have been shaped by the environmental, 
economic, and social aims of communities (Hiorns, 1956; Morris, 1994). 
Historic cities, formed in the absence of automobiles, were designed 
according to practical principles with street networks that were limited in 
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scale, allowing for pedestrians to walk to essential services (Newman & 
Kenworthy, 1999). Cities were often centred on a square, market, castle, or 
other civic structure with main streets leading outward from the centre in 
radial, rectilinear, or sometimes unplanned patterns towards the edge, 
marked by walls or other significant barriers (Hiorns, 1956; Morris, 1994). 
These principles of design allowed for cities evolve throughout time, 
adapting to meet the changing needs of society and adjust to new advances 
in technology. 
In this study, for the 30 cases analysed between the periods of antiquity and 
the industrial revolution, the average main street segment was 331m ± 
179m, indicating a pattern of urban form based on a close-grain framework 
of main street segments. The 95% outliers from the baroque and industrial 
periods came from unique main streets within the sanctuary areas of 
Karlsruhe, Germany and Calcutta, India respectively. In Karlsruhe, 29 
individual main streets were identified, yielding an average segment length 
of 546m ± 325m. In Calcutta, 87 main streets were analysed, yielding an 
average segment length of 462m ± 236m. These deviations, while 
significant, do not impact the relatively small variation in average main 
street lengths between all cases from historic periods (331m ± 179m), and 
the mean and standard deviation for both Karlsruhe and Calcutta still place 
them within the range of the 400-meter rule. Overall, the evidence from 
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these historic cases indicates a consistent pattern in the length of main street 
segments that follows the 400-meter rule. 
Responses to Industrialization 
The industrialization of cities built on a framework of close-grain street 
networks during the late eighteenth and early nineteenth centuries resulted 
in overcrowded, polluted, and unsanitary living conditions (Hiorns, 1956; 
Morris, 1994). As a consequence, by the late nineteenth and early twentieth 
centuries, several new theories of urban design were developed in an 
attempt to address these issues. This ushered in a new era in the history of 
urban design focused on the generation of healthier urban environments 
based on several important principles: improved efficiency through the use 
of modern transportation systems and new building materials, separation of 
industry and other land uses to promote public health, and the increased 
interaction of diverse demographics through the better use of public open 
space. Ebenezer Howard’s Garden City (Howard, 1902) and Le Corbusier’s 
Radiant City (Le Corbusier, 1933) were two of the most prominent of these 
new approaches to urban design based on the abovementioned theoretical 
principles. It is also important to understand how they became realized as 
expressions of ideas in the built environment, “sometimes, to be sure, 
almost unrecognizably distorted – of the ideas” (Hall, 2003). 
Around the turn of the century, Howard proposed a relief to the urban 
conditions of industrial cities by envisioning cities that would provide 
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access to country living. In his Garden City model, Howard designed 
detailed diagrams of concentric garden cities intended to fit on 600 acres of 
land and house 30,000 people, with an additional 2,000 living in the 
surrounding agrarian land. Boulevards, avenues, and roads separated 
residents from industry, which was placed on the edge of the cities 
neighbouring farms and forestlands. A series of greenbelts, mass transit 
systems, and motorways were planned to provide connection between 
neighbouring garden cities and a central city of 50,000 people. 
Theoretically, each garden city was designed to provide ample housing, 
jobs, manufacturing, and access to open space (Howard, 1902). 
While Howard’s Garden City model served as a logical alternative to the 
plights of urban dwellers, it was never fully realized in its original form. 
When the theoretical principles of the Garden City model were applied, 
garden cities were sometimes transformed into diluted forms, 
conventionally known as garden suburbs, the kind analysed in the case 
studies from the Garden City grouping. Some of these cases include Ciudad 
Guyana, Venezuela, Greendale, U.S., and Letchworth, U.K. These garden 
suburbs, where activity is centred, industry is separated from residential 
areas, and low-density residential development is clustered together on the 
edges, while following Howard’s principles, gave rise to the physical 
manifestation now known as sprawl (Ward, 1992). 
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In the 30 cases studied from the Garden City period, the average main street 
segments measured 1026m ± 638m, more than double the 331m ± 179m of 
the 30 historic case studies. This increase in segment length and the 
relatively high variability in the results indicate an alteration in the scale of 
the urban street network counter to the 400-meter rule and the departure 
from traditional spatial patterns. 
Like Howard, Le Corbusier also sought to improve public health, increase 
efficiency, and reconnect urban living with nature through his Radiant City 
model. Le Corbusier’s Radiant City was based on the theoretical 
arrangement of high-density, residential skyscrapers connected through a 
series of aboveground highways on a rectilinear grid (Le Corbusier, 1935). 
In this model, traditional main streets became obsolete, and were replaced 
with highways elevated above the ground. This left the ground plane to be 
given over to open space that could be used by pedestrians. Le Corbusier 
embraced the technological advances of the early twentieth century, 
principally the use of the private automobile as means of transportation for 
the new masses of middle class urbanities in the machine-age, while 
rejecting appeals by others, including Camillo Sitte (Sitte, 1889), to 
reinvestigate traditional forms of urban design as a way to balance the 
benefits of modern technology with the essential physical characteristics of 
historic urban forms (Le Corbusier, 1929). 
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Le Corbusier was able to fully realize one Radiant City, Chandigarh, India. 
Like Howard, his model was immensely influential in informing, often 
literally and explicitly, innumerable others that have been constructed 
according to similar principals. These are represented in the 20 cases 
selected from the Radiant City grouping. These cases include Brasilia 
(Brazil), Regent Park, Toronto (Canada), and La Grande Borne, Grigny 
(France). While originally intended to be arranged on a 400-meter 
framework, when constructed, Le Corbusier’s radiant cities resulted in 
reformed grids of superblocks with main street segments measuring up to 
1065m ± 305m as is the case in Chandigarh. The average main street lengths 
for all of the cases from the Radiant City period measured 843m ± 714m, 
more than double that of historic main street segments. This again shows an 
alteration in scale and loss of consistent pattern within the urban street 
network. 
Overall, these two theories were based on principles that were designed to 
provide access to open space, set urban growth boundaries, and deliver 
dense, transit-oriented communities. However, when fully realized, these 
theoretical approaches contributed to unintended consequences that include 
low-rise, residential sprawl, spatial and social segregation, decaying services 
and commerce, declining public life, and automobile dependence. 
Response to the Physical Manifestations of Modernist Principles 
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Around the same time that Le Corbusier developed his principles for the 
design of the contemporary city, Clarence Perry suggested a new way of 
organizing and improving upon the problems of industrial cities called the 
Neighbourhood Unit. Neighbourhood Units were focused on principles of 
walkability and were organized around significant, community structures, 
namely schools or churches, which would be accessible by pedestrians 
living no more than a 400-meter radius away from the centre (Perry, 1929). 
Main streets formed the perimeter of each neighbourhood and were spaced 
in segments roughly 800m apart, the same scale as those evident in the 
Garden City and Radiant City paradigms. Theoretically, this was meant to 
ensure that a sense of community was developed and that main streets were 
used to form the edges of neighbourhood sanctuary areas (Ben-Joseph, 
2005). 
In response to the separation of land uses and sprawling designs resulting 
from the applications of the modernist principles mentioned above, New 
Urbanism was developed as a way to refocus urban design on creating 
walkable, mixed-use neighbourhoods built on the principles of Perry’s 
Neighbourhood Unit (Congress for the New Urbanism, 2013). Started 
around the end of the twentieth century, New Urbanism focuses on creating 
developments based on a 400-meter radius where essential services are 
located within a 400-meter walk of the neighbourhood centre. 
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In the 10 New Urbanism cases studied, the average length of main street 
segments was 788m ± 541m. Cases from this period include the well-known 
developments of Seaside, US, Celebration, US, and Orenco Station, US. 
These results reflect the 800m main street network that is a physical 
manifestation of the 400-meter radius of the Perry’s Neighbourhood Unit. 
Like the cases from the Garden City and Radiant City period, the New 
Urbanism cases also represent a clear alteration in the scale of the main 
street pattern when compared to those developed before the application of 
professional theories in urban design. 
Informal Settlements 
Interestingly, informal settlements represent similar patterns to those of 
historic urban street networks. The average main street segment measured 
354m ± 258m for the 20 cases studied from this period, which is similar to 
the 331m ± 179m average found in 30 cases from historic cities. Cases from 
this period included Badli, New Dehli (India), Kibera, Nairobi (Kenya), and 
Rocinha, Rio De Janeiro (Brazil). According to these results, in the absence 
of theoretical principles of urban design, human settlements have tended to 
organize themselves according to the 400-meter rule. This suggests that 
informal settlements can serve as contemporary examples of the self-
organizing logic that was present in the patterns of historic cities. 
Learning from the Past: Towards Urban Sustainability 
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The scope of this paper is not to resort to the simplistic notion that historic 
cities are spontaneous and thus good, as opposed to contemporary cities that 
are planned and thus bad. Instead, the focus of this study is to bring new 
evidence in support of the disciplinary search for sustainable forms of urban 
design for the contemporary age. In most cases, historic cities developed 
over time as a result of both spontaneous and planned efforts, similar to 
what can be observed in contemporary informal settlements, which are often 
developed by non-institutional, sometimes illegal, local forms of authority. 
With the increasing concerns over limited economic and environmental 
resources growing more acute at the turn of the century, urban design 
practitioners have become increasingly interested in the diverse, close-grain 
street networks of historic cities as a way to identify the essential 
characteristics of urban frameworks that provide for sustainability (DETR & 
CABE, 2000; Jones, Roberts, & Morris, 2007; Llewelyn Davies Yeang, 
2000; Tarbatt, 2012). Some of these characteristics include the ability of 
close-grain street networks to encourage alternative modes of transportation, 
provide for well-connected, critical masses of customers to support local 
businesses, facilitate inclusion of diverse social groups in public places, and 
create safe and attractive places for people to visit and live (Jones et al., 
2007). Within the past several decades, New Urbanism and Place Making 
have been developed as two related approaches based on these same 
principles; however, this research shows that when these principles become 
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fully realized into physical urban forms, they share the same alteration in the 
scale of main street networks as other post-industrial, modernist 
developments. This alteration in scale has become a structural component of 
contemporary urban landscapes with impacts to the way in which cities 
function. By identifying consistent patterns within the forms of more 
resilient cities, practitioners will be better equiped to make design decisions 
based on sound empirical evidence of what frameworks work throughout 
time and allow for progressive adaptability as changing populations 
continue to inhabit today’s cities. 
 
While this research is limited by the current sample size, it does provide 
initial evidence suggesting that main streets networks in historic cities have 
predominantly followed the 400-meter rule. This research also suggests that 
since the advent and application of professional modern and postmodern 
urban design theories at the dawn of the twentieth century, the distance 
between main streets in cities has roughly doubled. Therefore we assert that 
an alteration in scale has occurred over time in coincidence with the 
establishment of modern and postmodern urban design paradigms. 
However, the alteration in scale does not appear in contemporary cities, 
which have developed in the absence of more formal planning and design 
(i.e. in informal settlements).  
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Explanations for the observations above may vary, and the causal role of the 
historic emergence of the automobile should be taken into consideration as 
well as other significant social and economic changes that have occurred in 
step with the establishment of urban design paradigms. However, all cities 
examined in this paper are contemporary cities and therefore they all have 
cars. But, only those built after the rise of the automobile and modern/post-
modern urban design paradigms had been planned for the car by 
incorporating the neighbourhood unit and other automobile-oriented 
designs. Therefore, our conclusion is that the contribution of urban design 
models to the unsustainable, car-dominated city of today has been, and 
continues to be, of crucial and indeed generally underestimated importance. 
This conclusion is further supported by the final observation that 
contemporary cities when not formally planned do not exhibit signs of this 
alteration in scale. 
This important discovery requires further research and has the potential to 
influence the future efforts of urban designers as they attempt to design 
today’s sustainable cities, capable of reconciling the difference in timescales 
between the time required for urban places to evolve and the time these 
places are inhabited. The sudden increase in the scale of the main street 
network could imply a similar jump in the scale of other related sub-
structures of urban form (e.g., plots, blocks, etc.). If this were the case, 
further study of these urban elements could offer an insight into different 
Page 25 of 78 Urban Studies
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
  
degrees of adaptability between places and uses over time and should 
prompt further research into more time-sensitive design. 
The United Nation’s (UN) 2009 report on global urbanization prospects 
predicted that the global urban population will grow from slightly over 50% 
of the total population today to 70% by 2050, with developing regions 
contributing to the majority of this growth (UN-Habitat, 2009). The 
magnitude of this reality is such that the cost of remediating planning and 
design inadequacies will likely be too great to bear from an economic, 
social, and environmental point of view. Another UN report also suggests 
that the majority of urban growth is to take place in smaller settlements, of 
less than 500,000 inhabitants, often lacking strong institutional frameworks 
to enforce and implement development which is socially and 
environmentally sustainable (UN-Habitat, 2011). Far from advocating a no-
planning approach, which would naively fail to address the nature of 
contemporary urban market, this paper states that there is no better time than 
now to identify and employ well-informed design principles to guide this 
development. This is rather a call for better urban design and planning, an 
evolved and more responsive discipline which would aim at the generation 
of “a built-up area that keeps adapting and transforming itself in unplanned 
neighbourhoods” (Panerai et al., 2004, p.159). 
This paper serves as a call for further research into the essential logic and 
principles of what generates a more adaptable, hence resilient, urban fabric. 
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This essential logic has to do with urban morphology: by better 
understanding the critical relationships between urban streets and plots, 
urban designers can begin to repair and develop more adaptable urban 
tissues, capable of adjusting to changing demographics, economies, and 
cultures over time.   
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: Patterns of Change in Main Street Networks 
Across Time and Space 

This paper presents a morphological study of 100 main street networks from 
urban areas around the world. An expansion in the scale of main street 
networks was revealed using a unique heuristic visual method for identifying 
and measuring the lengths of main street segments from each of the study areas. 
Case studies were selected and grouped according to corresponding urban 
design paradigms, ranging from antiquity to present day. This research shows 
that the average lengths of main street segments from networks of historic (i.e. 
ancient, medieval, renaissance, baroque, and industrial) and informal case 
studies are much smaller relative to those from networks of more contemporary 
case studies (i.e. Garden City, Radiant City, and New Urbanism). This study 
provides empirical evidence in support of prior, observational claims 
suggesting a consistent pattern in the smaller scale of main street networks 
from traditional urban areas, termed the ‘400-meter rule’. Additionally, it 
makes the case for further empirical research into similarly recursive spatial 
patterns within other elements of urban form (i.e., plots, blocks, etc.) that, if 
discovered, could aid in future urban design efforts to help provide the 
framework for more ‘human- scale’ urban environments. 
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Urban morphology, main street network, 400meter rule, main streets, urban 
theory  
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